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THIRST 

For knowledge of the past and lessons for the future 


There is a narrow sidewalk next to US Route 93 at the boundary between 
Nevada and Arizona. I am not usually inclined to walk alongside four-lane 
highways, especially those used by 20,000 vehicles daily and in the 43°C 
heat of a July afternoon. But this took me to the centre of a bridge, 270 
metres above the Colorado River and to a perfect view of the Hoover Dam.l 
Constructed almost seventy years ago, this remains a dramatic icon of the 
human endeavour to control the most precious resource on planet earth: 
water. 

The Hoover Dam was constructed between 1931 and 1936 to protect 
settlements from floods, to provide irrigation water and to generate 
hydroelectricity. With its grey concave concrete wall abutting both sides of 
Boulder Canyon, trapping the deep blue river waters behind to create Lake 
Mead, it represented a triumph of modern art as much as engineering: an 
eloquent statement of man’s ability to transform the natural world 
t Pho to graph 1 ). 

President Franklin Roosevelt had anticipated my emotions precisely in his 
speech on the morning of 30 September 1935 to dedicate the dam. Standing 
on his podium in front of 10,000 people he declared that ‘This morning I 
came, I saw and I was conquered, as everyone would be who sees for the first 
time this great feat of mankind. ’2 The silent gaze of the few others who stood 
alongside me on that July afternoon in 2011 indicated that they too had been 
‘conquered’. 

The visitor centre at the Hoover Dam explains how it transformed the 
American West by making possible the growth of Los Angeles, Phoenix, 
Denver, Salt Lake City and San Diego. 3 By so doing, it also transformed the 
United States. One might make similar claims for how the Aswan Dam, 
completed in 1970, has transformed Egypt and how the Three Gorges Dam, 
completed in 2009, might do the same for China.4 

Such dams are merely the most striking statements about a fundamental 
truth of the modern world: it and we are absolutely dependent upon a 





managed water supply and hence upon hydraulic engineering. This book asks 
a simple question: was such dependency also the case for the ancient world, 
for the civilisations of Mesopotamia, Greece and Rome, for the ancient 
Maya, Incas and all those other long-lost cultures? 

This is not a question merely about the presence or otherwise of dams, 
aqueducts and reservoirs, a work of tick-box archaeology. Thirst is about the 
driving forces behind the rise and fall of civilisations, the quest for power by 
ancient kings and the long-term relationship between people, culture and 
nature. Thirst is also about whether the past can provide lessons for the 
present. 


Quest for the past 

There are few topics more intriguing than the rise and fall of ancient 
civilisations. Our fascination with the ruins of temples and palaces found in 
the depths of rainforests, the middle of arid deserts and on isolated mountain 
peaks continues with the same excitement as when they were first discovered 
by explorers in the 19th and early 20th centuries. The artistic and scientific 
achievements of the Ancient Sumerians, Egyptians, Mayas and others 
continue to astonish, as does the complexity of their ideology and politics. As 
we extend our knowledge via archaeological excavation and the application 
of new scientific methods, we discover that there is yet more to learn. But 
however much data we gather, there will never be definitive accounts of 
ancient civilisations because what we perceive as important is influenced by 
our own contemporary concerns. 

One such concern is water. The significance of the managed water supply 
has risen in prominence during recent years. Monumental dams are both 
tourist attractions and centres of education; at least one million people visit 
the Hoover Dam each year and are treated to an exhibition of its construction. 
Moreover, our day-to-day lives have become immersed in public debates 
about bottled water, building on flood plains, water meters, new reservoirs, 
leaking pipes and the profits of water companies. Our water awareness has 
grown because droughts and floods appear to be increasing in their frequency 
and severity, both in the UK and throughout the world. 

Is this a new era for human society? Or has water management, and the 
impact of its absence or failure, been of prime significance throughout human 



history? Current archaeological studies of the ancient world emphasise the 
critical role of food surpluses to support craftsmen, bureaucrats and the 
political elite, the role of trade to provide staples and exotic goods, kings that 
claimed divine authority to rule and, of course, a not inconsiderable use of 
violence. 5 What about the role of water management and hydraulic 
engineering? If these played a role in the rise and fall of ancient civilisations, 
should we not take more notice when deciding how to manage our water 
supply today? 

Twenty-first-century water management: failure and 
success 

Despite the Hoover, Aswan and other monumental dams, the world is facing 
a water crisis. The need for management of the water supply has never been 
greater and is getting more serious by the day. The statistics of the thirsty, 
unwashed and inundated are horrendous: one billion people - a seventh of the 
global population - do not have access to safe drinking water. Two billion 
people have inadequate sanitation. By 2025 more than half the world’s 
nations will face shortages of freshwater; this is predicted to have risen to 75 
per cent of the global population by 2050.6 

On 12 November 2011 (the day that I am writing), the BBC has announced 
catastrophic flooding in Thailand. Entire towns have been submerged with at 
least 100,000 people displaced, a quarter of the rice crop destroyed and 
$47.5bn of damage to the economy. Thailand’s dams, canals and flood 
control basins were simply inadequate to cope with the intensity of the 
monsoon. On the previous day, the news reported a drought in the south-east 
of the United States of America, from Florida to Texas. This was its worst for 
60 years, destroying up to a third of the wheat crop and further depleting the 
aquifers. Fortunately the reservoirs had been filled with rain in 2010, 
enabling the domestic water supply and some for irrigation to continue - for 
the time being at least. 7 Throughout July and August of 2011 I watched 
reports of the drought in the Horn of Africa threatening the lives of 13 
million people - there was simply no water to manage. In the autumn of 2010 
it had been the turn of Pakistan, with floods arising from intense monsoon 
affecting 20 million people. 8 Expenditure of $900m by the Federal Flood 
Commission of Pakistan for flood control projects had been entirely 


ineffective. 9 All I could do was to make my charitable donations and wonder 
which type of water crisis is the worst: to have too much or too little? 

Doom and gloom are all too easy. There is, of course, another side of the 
water management story. If one billion people lack access to safe drinking 
water a remarkable six billion people do have such access. Personally, I have 
an unlimited supply, as did my parents and their parents, as I expect my 
children and hopefully their children will enjoy. Our town planners and 
politicians celebrate their control over water by display: cities throughout the 
world, even those suffering severe water shortages, have ostentatious 
fountains that spill and waste water on the ground. 

Our political leaders build far more than fountains. The monumental dams 
are matched by colossal canals: in Jordan a 200-kilometre canal is planned to 
transport water from the Red Sea to the Dead Sea to halt the dwindling of the 
latter’s levels; 10 in China the South-North Water Transport Project plans to 
divert more than 40 billion cubic metres of water;!! the Libyan desert has a 
partially completed 3,500-kilometre man-made river of water pipes large 
enough to drive trucks through, originally planned by Colonel Gaddafi to 
bring fresh water from boreholes in the desert to the Mediterranean coast. 12 


Unanswerable questions 

To what extent will such projects solve, or at least ameliorate, an existing or 
anticipated water crisis? To what extent are such monumental projects driven 
by the most rational evaluation of how to manage the water supply for the 
common good? Is it even possible to make such evaluations when the future 
is unknown? 

Even with meticulous historical studies such as that about the Hoover 
Dam,!3 we are unable to answer such questions satisfactorily. The success or 
otherwise of projects that took decades to complete must be measured in 
centuries or millennia and hence insuffcient time has elapsed to pass 
judgement. Although the Hoover Dam had been built in 1936, its ability to 
control flooding was first put to a serious test in 1983, when exceptional 
rainfall made the Colorado a rampaging river. The dam was found wanting: 
hundreds of houses, farms and tourist resorts were destroyed or swept away. 
A second test, one of drought, began in 1999 and is on-going. By 2002 the 
river had dropped to its lowest level since 1906.14 Despite the Hoover Dam 


and a multitude of others built in its wake, the south-west United States 
suffers from severe water stress, the optimism of unlimited water having 
generated unsustainable urban growth. The approach to water management 
has now shifted away from massive public works to conservation and 
recycling. 

With regard to the motivations for building monumental dams and canals, 
we are perhaps too embedded within our present day to effec tively evaluate 
the case. Were these undertaken for the common good or for the self¬ 
aggrandisement of those with power or who desired to attain it? For this we 
also need the hindsight of history. That of the Hoover Dam is as much about 
the political infighting and commercial competition, the quest to build 
personal reputations and gain financial success, as it is about the mechanics 
of tunnelling through rock to create spillways and pouring concrete to create 
the dam. But our understanding of the 1930s is itself undergoing constant 
change and the Hoover Dam’s history will need rewriting. Herbert Hoover’s 
massive public spending on the dam, $49m, was a response to the Great 
Depression, a means to create jobs and attempt to kick-start the economy. As 
the world today teeters on another depression and water stress in the south¬ 
east United States becomes more severe, our evaluation of Herbert Hoover is 
bound to change as these current conditions unfold. 


Hydraulic engineering and human history 

There are three potential lessons from the past. The first is simply for us to 
learn about the role that hydraulic engineering has played in the course of 
human history, enabling us to put the present day into a long-term 
perspective. We are familiar with the supposed turning points of history, 
ranging from the so-called Neolithic revolution of 10,000 years ago that gave 
rise to the first settled farming communities, through the industrial revolution 
of the 18th and 19th centuries, to the digital revolution of the 21st century. 
Was there ever a water revolution? What role did hydraulic engineering play 
in the emergence of the ancient civilisations and in the manner in which they 
functioned? 

We tend to see ambitious water management projects today as something 
new. Whether we are proud, dismayed or horrified by them, we are staggered 
by the amount of money, time and materials they involve. Consider China’s 



Three Gorges Dam. It was first mooted in 1919, but construction work began 
in 1992 and it took 17 years for the dam to become operational; the project 
cost the equivalent of £17.3bn and required 27 billion tons of concrete.15 But 
is such scale of work really new? Did our forebears within the ancient world 
engage in projects of an equivalent scale? Maybe they were even more 
ambitious. Might even Gaddafi’s desire for a man-made river in the Libyan 
Desert - started in 1983, with an on-going cost of at least US$27bn in 
2007,16 and an uncertain future following Gaddafi’s demise - appear to be 
nothing more than a trivial undertaking by a modest man? 

While long-term history covering centuries and millennia is essential for 
understanding both the recent past and the present, in other respects it is 
limited. When exploring ancient civilisations we rarely gain insights into 
individual lives and experience. When we do, they tend to concern the kings 
and other members of the elite, those identified by rare inscriptions. We lack 
accounts of the workers who built ancient dams and aqueducts, those who 
drew upon their water for their day-to-day lives and those who suffered most 
from floods and droughts. 

Again we might look to the building of the Hoover Dam, this time to 
appreciate the human emotion and drama that hydraulic engineering entails. 
As well as the machinations of the politicians and deliberations of the 
engineers, we know about the day-to-day conditions for the thousands of 
workers who, in the middle of the depression, flocked to the area to work on 
the dam: the heat they suffered during the summer of 1931 when the average 
temperature was 48.8°C; the 112 deaths from drowning, rockslides, truck 
collisions, heat exhaustion and carbon monoxide poisoning in the tunnels; the 
workers’ poverty, protests and ultimate pride in building a monumental dam. 
Within Thirst we will encounter constructions within the ancient world which 
were at least the equivalent of the Hoover Dam and assess their role in long¬ 
term history. But we will lack any knowledge of those who toiled to build 
them. 


Water and power 

A second lesson from the past is that about the relationship between water 
and power. We are increasingly aware of how the control of the water supply 
is a means of securing and maintaining power in the modem world. Such 


power might be political, and hence the investment by leaders, elected and 
otherwise, in the construction of dams and canals either from a genuine 
concern to provide a water supply or as a demonstration of their ability to do 
so. Power from the control of water can also be commercial in nature, and 
hence the intense competition today between the multi-national water 
companies for our cash. 

We have become familiar with the term ‘water wars’ to characterise a wide 
range of conflicts over access to water, whether between nations or between 
multi-national companies and local populations whose water sources they 
exploit. During the 20th and 21st centuries, nations have rarely, if ever, gone 
to war over water.17 But disputes about access to aquifers and the impact of 
dams have been major sources of tension between nation states, notably in 
the Middle East - between Israel, Palestine, Syria and Jordan - and in the 
Nile Basin - between Egypt, Ethiopia and Sudan. The resolution of such 
disputes and water shortages has played a fundamental role in the content of 
treaties and international trade agreements and hence in mediating power 
relations between nation states. 18 

What about in the past? Has controlling water always been a pathway to 
power, or perhaps even the predominant route? If so, what form has this 
taken? Was water the cause of conflict in the past between competing city- 
states or was it a medium for cooperation and mutual growth? 

Archaeologists have previously addressed such questions. Karl Wittfogel’s 
1957 volume entitled Oriental Despotism: A Comparative Study of Total 
Power argued that ancient civilisations were dependent upon large-scale 
irrigation works. 19 He proposed the ‘hydraulic hypothesis’ that such works 
required forced labour and a large bureaucracy, both of which were features 
of ‘despotic rule’. More recently, Vernon Scarborough, Professor of 
Anthropology at the University of Cincinnati, entitled his 2003 cross-cultural 
analysis of ancient water system The Flow of Power . 20 The relationship 
between water management and power requires further exploration by 
drawing on newly available archaeological evidence and reflecting on how 
this might influence our understanding of the present day. 

How can we survive? 

The global water crisis appears to get worse from year to year. Whether this 


is really the case or a misapprehension, arising from near-instantaneous 
global media coverage of floods and droughts conspiring with short 
memories, is unclear. But with the world’s population having breached seven 
billion, continuing mega-urbanisation, climate change altering the global 
distribution of rainfall, and the increasing frequency of extreme events, the 
future looks bleak. Is it inevitable that ever greater numbers of people will be 
affected by drought and flood? Will the number of people living in unsanitary 
conditions continue to increase? Will environmental degradation continue 
unabated? Will we reach a threshold of water demand that even our most 
sophisticated systems of hydraulic engineering cannot satisfy? 

While the past cannot answer such questions it can provide a long-term 
perspective on the success or otherwise of hydraulic engineering within the 
ancient world. Which, if any, of the ancient systems proved most successful? 
Is there anything we should copy or avoid? Why did the ancient hydraulic 
systems ultimately fail - if indeed they did? Will a greater understanding of 
the past provide us with a sense of optimism for the future, perhaps by 
enhancing our faith in finding technological and engineering solutions to the 
water crisis? Or will the past demonstrate that these will never suffice 
because, as appears to be the case with the Hoover Dam, they cannot keep 
pace with ever-changing environmental, demographic, social and political 
conditions? 


A journey through the ancient world 

Rather than undertaking a single in-depth study of one selected ancient 
civilisation, I have chosen to make a global survey of the ancient world, 
selecting nine case studies ranging from the Sumerian civilisation of 3000 BC 
in Mesopotamia to the Inca Empire centred in Peru and which fell to the 
Spanish less than 500 years ago ( Figure LI ). 



Chapters: 

2‘ The Levant. 1.5 million - 700 BC 

3: The Sumenan Civilisation. 5000 -1600 BC 

4 Minoan Crete and Ancient Greece. 

1000-140 BC 

5: The Nabataean Kingdom, 300 BC - AD 106 
6: Rome and Constantinople, 400 BC - AD 800 
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7 Ancient China 900 BC - AD 907 

8 Angkor. AD 802 - 1327 

9: The Hohokam AD 1 - 1450 
10: The Maya 2000 BC - AD 1000 
11: The Incas, AD 1200- 1572 

1.1 Societies of the ancient world visited within this book 

This book has been, to use a cliche, a journey for me both intellectually 
and quite literally. It might seem odd not to have included Ancient Egypt 
because of its dependence on the waters of the Nile. But that, I supposed, was 
already widely known and further information is readily accessible in the 
swathe of books about Ancient Egypt.21 Moreover, the natural hydrology of 
the River Nile made water management in Ancient Egypt less of a challenge 
than elsewhere in the ancient world, such as in Mesopotamia, where people 
had the greater task of manipulating the natural world for their own needs. 22 
Rather than covering Egypt, I have chosen to explore less widely known 
societies such as the Khmer civilisation in Cambodia and the Hohokam in the 
south-west United States, both of which had a remarkable history of water 
management. 

A truly comprehensive study would have included not only Ancient Egypt, 
but also the hydraulic-enginering achievements of the Assyrians, the Indus 
civilisation, the Aztecs, the Yoruba-Benin culture of West Africa, the Sinhua 
Civilisation (ancient Ceylon), nineteenth-century Bali and many more 
cultures of the ancient world.23 It would also have covered all techniques of 





hydraulic engineering: I am conscious that several are missing from my case 
studies, notably the qanat system of subterranean conduits that were 
widespread in the Near East, and which spread to Europe and the New 
World. Also the noria, a chain of pots attached to a large wheel turned by 
tethered oxen as used to draw water from the Nile in the sixth century BC.24 
A comprehensive study would have required a multi-volume textbook and 
any insights into the past would have been crushed by its weight. While my 
intention has been relatively modest, I have nevertheless selected my nine 
case studies to provide a representative sample of the types of water 
management and hydraulic-engineering systems that were undertaken in the 
ancient world. They include lowland and highland civilisations, those in 
deserts and rainforests, with Stone Age and Iron Age technology, and with 
and without writing. 

I start not with a civilisation but with the earliest prehistoric communities 
in the Near East, specifically in the Levant - the area of modern-day Syria, 
Lebanon, Israel, Palestine and Jordan. This is where the earliest farming 
societies arose sometime after 9500 BC and then the first urban communities 
around 3000 BC. In that chapter we will track the earliest forms of hydraulic 
engineering and their relationships, if any, to the origins of farming and 
urbanism that laid the foundations for civilisation throughout the Old World. 

The earliest ancient civilisation arose in Mesopotamia, present-day Iraq, 
which forms the subject of my third chapter. From there my global tour will 
take you to Ancient Greece ( Chapter 4 ). the Nabataean Kingdom of southern 
Jordan and Petra, its capital ( Chap ter 5 ). and then the Roman World, focusing 
on its two capitals, Rome and Constantinople ( Chapter 6 ). We then jump to 
Asia with case studies of Ancient China ( Chap ter 7 ) and the first of two 
rainforest civilisations, Ancient Angkor, located in modem Cambodia 
( Chapter 8 ). We next go west, with three studies in the Americas - the 
Hohokam of the south-west United States of America ( Chapter 9 ), the Maya 
of Mesoamerica, our second rainforest civilisation ( Chapter 10 ). and finally 
the Inca Empire, spending some time at Machu Picchu, the iconic site for all 
ancient civilisations ( Chapter 11 ). In the last chapter we will return to the 21st 
century and see what lessons we may have learned, both about the past and 
for the future of our planet. 

So let me start by taking you with me from a busy highway in the United 
States to one in the Middle East, to an inconspicuous lay-by that I like to 










think of as the centre of the world. 



2 

THE WATER REVOLUTION 

The origins of water management in the Levant. 1.5 million years ago to 700 

BC 

The sparkling blue waters of the Dead Sea come suddenly into view as one 
drives south and downhill from Amman, heading towards the Red Sea port of 
Aqaba. As the expanse of water appears, I often pull into a lay-by, step out 
into stifling heat, pause, and reflect about the very special place on planet 
earth at which I have arrived. 

A few kilometres further south, one reaches the earth’s lowest point, 423 
metres (1,388 feet) below sea level in the middle of the Dead Sea Rift, one of 
the geological wonders of the world. The road from Amman will pass below 
steep towering cliffs of water-lain sediments which record the dramatic rise 
and fall of the Dead Sea and its forerunner, Lake Lisan, as the earth’s climate 
swung in and out of ice ages during the last million years. 

To the west of my parking place, across the Jordan Valley and into the 
disputed West Bank, is an archaeological wonder: the ruins of ancient 
Jericho. Claimed by some to be where farming and town life were invented 
10,000 years ago, its surrounding modern town is visible from the lay-by on a 
clear day. A mere 20 kilometres beyond sits Jerusalem, an architectural, 
religious and political wonder: holy city for Judaism, Christianity and Islam, 
whose unresolved status is central to the persisting Israeli-Palestinian 
conflict. 

Jerusalem cannot be seen from that lay-by, but further south along the 
Dead Sea road there are signs eastwards to Kerak, where a monumental 
crusader castle reminds one of the great battles to control that city. One also 
passes close to the supposed baptism site of Jesus Christ and the Bronze Age 
sites of Bab edh-Dhra and Numeira, claimed by some to be the biblical 
settlements of Sodom and Gomorrah. I could list many sites more in the 
vicinity of that lay-by: sites that help document the Roman and Byzantine 
empires, the Islamic caliphates, Ottoman rule, British colonialism, and the 
establishment of the present-day Hashemite Kingdom of Jordan. 

My viewing place over the Dead Sea is often filthy with litter, smelly and 




noisy from the enormous trucks that thunder down the hill from Amman. But 
such potential distractions go unnoticed as I become overwhelmed by a 
profound sense of being at the centre of the world, at the crux of both 
geological and human history. In that lay-by I stand in the middle of the 
Levant, the tumultuous meeting place for Africa, Asia and Europe. 

Sometimes known as the western arm of the Fertile Crescent, the Levant is 
the region covered today by southern Turkey, Syria, Israel, Lebanon, 
Palestinian Territories, Jordan and Cyprus. The Fertile Crescent is where both 
farming and civilisation first arose. 

If the management of water was as critical to the ancient world as it is to 
the 21st century, where else would one possibly go to search for its origin, to 
find the sinking of the first well and building of the first dam? Might water 
management have begun within the earliest Neolithic farming communities 
such as Jericho at 8000 BC? Maybe it had appeared long before, developed by 
hunter-gatherers 20,000 years ago or even earlier, a necessary precursor to 
farming? Or perhaps water management was a relatively recent invention, the 
catalyst that transformed Neolithic villages into Bronze Age towns at 3500 
BC? Alternatively, it may have been a consequence of urbanism itself, 
enabling towns to become cities and communities to become civilisations. 

In this chapter I will take you on an archaeological trail to find the answer 
f Figure 2,1 ). Or, at least, an answer for the Levant. 

Even though the Levant is where the earliest farming and urban 
communities in the world appeared, there is no necessity for it to also have 
provided the earliest water management. The origin and history of this needs 
to be individually traced for each region of the world and may show quite 
different relationships with economic, social and cultural developments to 
those we will discover in the Levant. In the New World, for instance, water 
management is known to date as far back as 10,000 years ago, following the 
discovery of a well at the site of San Marcos Necoxtla, Mexico,! and I would 
not be surprised to find similar dates in, say, China, India and Australia. But 
this book can provide only one account and my aim is to resolve when and 
where water management began in the Levant prior to exploring its role in 
the early civilisations of the Old World. 




2.1 Map of the Levant showing archaeological sites and localities referred to in the text 

The archaeological evidence from the Levant is often fragmentary and 
diffcult to interpret. We are, after all, dealing with prehistory, the time before 
writing began, and hence lack any documentary evidence to help with our 
interpretations. A great deal still remains to be discovered, the existing 



archaeological evidence providing a still incomplete story of how water 
management evolved. It is just possible, however, that the evidence we do 
possess will illuminate a few key moments in Levantine history: the sinking 
of the first well, the building of the first dam, the construction of the first 
cistern and aqueduct. These moments are at least equivalent in their 
importance to the emergence of civilisation as were the planting of the first 
seeds and the smelting of the first copper. 

The origin of farming was once described as the Neolithic Revolution and 
that of towns as the Urban Revolution. I’m writing about a third revolution of 
equal significance: the Water Revolution. 


A beginning at ‘Ubeidiya 

Where does one start when writing the history of water management? People, 
Homo sapiens and our past ancestors and relatives, must always have been 
managing water in some manner as far back as six million years, the date at 
which we shared a common ancestor with the chimpanzee. Chimpanzees are 
known to crumple up leaves to use as sponges for transporting water from 
hollow tree trunks to their mouths;2 we must assume that our ancestors were 
not only doing the same but carrying water short distances, whether cupped 
in their hands, within folded leaves or in skin containers. While we lack any 
direct archaeological evidence for such water carrying, it is implied by the 
remnants of camping or activity sites found in locations distant from water 
sources. Such evidence is itself problematic, however, because suffciently 
detailed environmental reconstructions to pinpoint the specific location of a 
river course or the nearest pool of standing water are diffcult for the earliest 
periods of prehistory. 

Early prehistoric archaeological sites - those of the Lower and Middle 
Palaeolithic - are found throughout the Levant from at least 1.5 million years 
ago. It was around that date, perhaps as much as 0.5 million years earlier, that 
Homo ergaster arrived in the Levant, dispersing via the Nile Valley from 
East Africa, where this species had evolved, further types of humans 
followed: Homo heidelbergensis after 0.5 million years ago and Homo 
neanderthalensis after 250,000 years ago.3 All were responding to increased 
levels of rainfall caused by a climate change that created rich riverine 
woodland for hunting and gathering and plentiful sources of water for 


drinking. None of the arrivals necessarily remained for prolonged periods 
because the return of arid conditions drove them away or into localised 
extinction. The next up-turn in climate brought new arrivals from Africa, 
perhaps the same or perhaps a new species of human. 

There are thousands of archaeological sites throughout the Levant 
testifying to the presence of Homo ergaster, heidelbergensis and 
neanderthalensis. The vast majority are no more than scatters of stone 
artefacts: sharp nodules and flakes of stone used for cutting into animal 
carcasses, chopping plants and digging for roots. Any remnants of tools made 
from wood or bone have long since rotted away, this also being the fate of 
their own bones and those of any animals they hunted or scavenged. 
Fortunately, there are rare exceptions arising from freak conditions of 
geology, aridity or waterlogging which have led to better preservation. 

The most notable is the site of ‘Ubeidiya in Israel, located a few kilometres 
south of Lake Tiberias, otherwise known as the Sea of Galilee.4 This site was 
repeatedly visited by early humans between 1.5 and 0.85 million years ago. 
Along with many thousands of stone artefacts, the bones of deer and an 
extinct form of hippopotamus are preserved on what are believed to be actual 
living floors - dense concentrations of tools and bone fragments where 
butchering and eating has taken place. I found it a most remarkable site to 
visit during the course of the 1999 excavations by Professor John Shea of 
New York University. He had an extraordinary excavation challenge because 
geological activity had tilted those ancient living floors to 70 degrees from 
the horizontal. So rather than digging down into the ground, he was digging 
sideways into a near vertical rock-face and mapping its mosaic of 
archaeological finds. 5 

Like many, probably the majority, of early stone-age sites, ‘Ubeidiya 
appears to have been located immediately adjacent to an ancient lake, the 
predecessor of Lake Tiberias. This in itself suggests that it would have been a 
temporary location: with prowling hyenas and lions, lakeside locations are 
hardly suitable for our early ancestors to have resided overnight, especially 
without the control of fire. Neither at ‘Ubeidiya nor at any other of these 
early sites is there any evidence that lake or river waters were being managed 
in any manner, such as being channelled towards a campsite or dammed to 
create a standing pool for drinking or washing. 

The dilemma we face is that such work would not necessarily leave any 


archaeological trace. I have been in the desert with Bedouin and watched 
them construct small dams from pebbles and sand to store water following a 
rain storm, quite content for their work to be soon washed away, another 
being built when required. Early humans might have done likewise. The 
sophistication of their tool making certainly indicates they had the capacity to 
do so. But we have no evidence, and their transient hunter-gatherer lifestyle - 
always being on the move - makes me doubt whether they had the need. 


The first modern humans and a campsite at Ohalo 

For the next site on our origin trail for water management we need to travel 
no more than 20 kilometres northwards from ‘Ubeidiya to the western lake 
shore of Lake Tiberias, where the site of Ohalo is located. Although short in 
distance, this is a vast journey in time, from 1.5 million to a mere 20,000 
years ago. Ohalo is the best-preserved site in the Levant for hunter-gatherers 
at the peak of the last ice age, when much of the northern hemisphere was 
covered in glaciers (Photograph2).6 This made the Levant relatively cold and 
dry when compared to earlier and later periods, a landscape of extensive 
grasslands and open woodland. By 20,000 years ago, the Neanderthals and 
their predecessors were all extinct: Ohalo, and much of the rest of the world, 
was occupied by Homo sapiens. 

Modern humans, Homo sapiens , arrived in the Levant on a permanent 
basis around 45,000 years ago although some early forms may have had a 
temporary presence as early as 120,000 years ago. The later permanent 
arrivals had also dispersed from Africa, but appear to have taken a round¬ 
about route in getting to the Levant. They initially dispersed eastwards from 
the Horn of Africa into the Arabian Peninsula and only into the Levant via 
Central Asia.7 

Modern humans, with the added advantage of a symbolic capacity and 
spoken language, soon pushed any remaining Levantine Neanderthals into 
extinction.8 Their archaeological sites are more abundant but rarely better 
preserved, with a continuing absence of anything other than stone artefacts 
except in a few instances. New types of tools were made, suggesting both 
more effective hunting technology and the encoding of information about 
individual and social identity into the design of arrowheads. Otherwise, the 
Homo sapiens ’ lifestyle had great similarities with that of the early humans 



who had butchered hippopotamus bones at ‘Ubeidiya: hunters and gatherers 
who were always on the move, living in groups of between 25 and 50 persons 
which were allied by kinship ties, with periodic large-scale aggregations 
during which ‘rites of passage’, marriage ceremonies, and the exchange of 
information and materials would occur. 

Ohalo is a quite exceptional site because a great number of plant remains 
and bones have been preserved, along with features including hearths, hut 
floors and a burial. For this we must be grateful to both climate change and 
water. The 19,400-year-old campsite was on the shore of Lake Tiberias when 
its waters were at a particularly low level because of the ice age conditions. 
The site appears to have been abandoned after a fire had burned down its 
brushwood huts. During the next few hundred, perhaps thousands, of years 
the climate ameliorated and rainfall increased. As a consequence the lake 
waters rose and gently flooded the campsite debris and charred remains of the 
huts. The water now protected the site from further decay. 

A drought in 1989 caused a nine-metre drop in the lake waters, exposing 
the archaeological site. Professor Dani Nadel of Haifa University began a 
meticulous excavation that soon astonished archaeologists throughout the 
world by showing the diversity of plants and animals that had been exploited 
in the Levant close to the height of the last ice age. The remnants of six 
dwellings were excavated, with dense accumulations of seeds from wild 
grasses, fruits and nuts, all coming from around 100 different species, 
concentrated around wooden grinding slabs. Gazelle had been hunted and 
butchered at the site, while fish had been caught in the lake, probably with 
nets made from twisted plant fibres. After two years of excavation, the 
drought came to an end and the site was again inundated by the lake water. 
Dani Nadel had to wait until 1999 for another drought year to cause the lake 
waters to recede and enable his excavation to be resumed. Fortunately, I was 
travelling in Israel at that time and able to visit this remarkably well- 
preserved site to gain my best ever glimpse into the Stone Age and ice age 
past. 

Ohalo provides us with the best opportunity imaginable to find evidence 
for water management by ice age hunter-gatherers. Ironically, although the 
presence of water so nearby allowed such outstanding preservation, it also 
meant that there was no necessity for the original inhabitants to undertake 
any water management at Ohalo, although they might have chosen to do so. 



One might imagine modifications being made to the lake shore, perhaps 
digging channels to bring water to the immediate vicinity of the huts or to 
ease access for fishing. 

No such evidence exists at Ohalo for any form of water management, nor 
at any other hunter-gatherer site in the Levant. The most likely explanation is 
that there was simply no need: hunter-gatherer groups were relatively small 
and mobile; they were always able to locate themselves in the vicinity of a 
water source. If that dried up, they could easily relocate. 


‘Settling down ’ 

The hunter-gatherers who lived in the Levant 5,000 years after those at Ohalo 
may have been an exception to the ‘small and mobile’ groups that were still 
the norm elsewhere. Between 14,500 and 13,000 years ago Levantine hunter- 
gatherers may have ‘settled down’ and begun living in permanent settlements 
with up to 100 inhabitants. The opportunity to do so arose because of 
significantly warmer and wetter conditions during this period, technically 
known as the Tate glacial inter-stadiaf. This has been identified in the 
various measures of global temperature that can be extracted from the 
Greenland ice cores and from within sedimentary evidence from the 
Levantine region itself.9 Its impact was to make plant foods and wild game 
especially abundant, alleviating the need to continually find new locations 
with fresh supplies. 

Some of the archaeological sites of this period have stone-walled dwellings 
of a much larger size than those at Ohalo. They also have cemeteries, which 
archaeologists often take as a sign that territories are being marked by the 
presence of ancestors, suggesting that hunter-gatherers had become less 
mobile. Large stone mortars and grinding stones testify to the intensive 
gathering and processing of wild plants. A new range of art objects and body 
decorations suggest changes in social organisation with the emergence of 
either wealthy and/or high-status individuals - unlikely in constantly moving 
hunter-gatherers who cannot accumulate possessions. 

Archaeological sites with these attributes are referred to as belonging to 
the Early Natufian culture. The economy remained entirely dependent on 
wild plants and animals, and the extent to which these communities were 
sedentary remains a matter of substantial debate among archaeologists. But 


what no one disputes is that the Early Natufian hunter-gatherers remained 
dependent upon an entirely natural water supply. One can find no trace of 
wells, cisterns, terrace walls or channels to divert the flow of rivers or capture 
rainfall among the new range of architecture and artefacts. 10 

The Early Natufian site of ’Ain Mallaha dating to 14,500 years ago is a 
typical example.il When visiting this site today, regrettably close to a 
sewage works, one can see the remains of many stone-built dwellings and 
massive stone mortars. These provide the impression of a thriving settlement, 
indicating a level of investment in architecture that hardly equates to a short¬ 
term campsite. Several beautifully carved animal figurines have come from 
’Ain Mallaha and a few of its inhabitants were buried with impressive shell- 
bead head-dresses. But there is no evidence for water management: no wells, 
cisterns, dams, aqueducts. Again there was no need: ’Ain Mallaha was 
dependent upon a local spring, after which the site is named -‘’Ain’ being 
Arabic for ‘spring’. This spring not only provided water to drink but also 
ponds with abundant fish that attracted migrating birds - three valuable 
resources in one. 

This more complex and possibly sedentary hunter-gatherer lifestyle of the 
Early Natufian did not last long, a mere two millennia at most: by 13,000 
years ago colder and drier conditions had returned. This is also recorded in 
the Greenland ice cores and is thought to have been a consequence of the 
great North American ice sheets collapsing into the Atlantic Ocean. The 
return to ice age conditions was felt more strongly in northern latitudes than 
in the Levant .12 But even here the colder and drier conditions reduced the 
abundance of wild plant foods and game, forcing hunter-gatherer groups to 
become smaller and more mobile once again. ’Ain Mallaha was not entirely 
abandoned, but became a seasonally visited hunter-gatherer campsite rather 
than a (semi-?) permanent village. The dead were brought from afar to be 
interred within its cemetery. 


At Jericho - without pottery 

After a millennium and a half of cold and dry conditions, the climate turned 
again, this time for good - at least so far. At around 11,500 years ago there 
was a dramatic increase in global warming that brought the ice age to a final 
end. So began the post-glacial Holocene period, with its relatively warm, wet 


and stable climate that we currently enjoy and which was critical for the 
emergence of the first farming communities. 

The Levantine hunter-gatherer response was similar to that at 14,500 years 
ago. Larger and more permanent settlements reappear, together with an 
intensive exploitation of the newly abundant plant foods, especially wild 
cereals. They included the ancestors of our modern-day barley and wheat. 

Kathleen Kenyon (1906-78), one of the greatest British archaeologists of 
the 20th century, discovered the first of these sites in the 1950s when 
excavating Tell es-Sultan at Jericho.13 The Tell is a huge mound of collapsed 
rectangular mud-brick buildings that had principally accumulated during the 
Bronze and Iron Age periods ( Photo graph 3 1. Kenyon sunk deep soundings to 
explore what was at its base and discovered a number of circular mud-brick 
structures, quite different to any buildings of the later periods in the mound. 
On the western side, they had been enclosed by a massive stone wall and a 
large circular tower - a scale of architecture which was then, and remains, 
completely unprecedented prior to the Bronze Age. 

When Kenyon was excavating, the Neolithic had already been identified in 
Europe as the period of the first farming settlements. Kenyon found many 
similarities between the structures and artefacts at the base of Tell es-Sultan 
and those from the earliest European Neolithic, and she assumed that she was 
dealing with a farming economy. There was one key difference, however: an 
absence of pottery. During the 1930s, Gordon Childe (1892-1957), the 
greatest archaeologist of the pre-war period and a major influence on 
Kenyon’s thinking, had made pottery one of the key defining features of the 
European Neolithic.14 But there was no trace of pottery in the basal levels of 
Tell es-Sultan - it had not yet been invented. As a consequence, Kenyon 
described her discovery as belonging to the ‘Pre-Pottery Neolithic’. That term 
has not only stuck, but has been divided into two: the Pre-Pottery Neolithic A 
and B referred to in shorthand as PPNA and PPNB.15 

The PPNA is now known to have lasted for just over 1,000 years, from 
11,500 to 10,200 years ago, and is the key period of transition from hunter- 
gatherer to farming lifestyles. During this period hunter-gatherers began to 
cultivate wild cereals and legumes - watering, weeding, transplanting 
seedlings and removing pests. This gradually led to the evolution of domestic 
varieties that were as dependent upon those cultivating them as the 
‘cultivators’ became dependent on the much larger yields that were now 



being produced. As such, the invention of farming was as much by accident 
as by design.16 Once plants had become domesticated, and people had 
become tied down to living in permanent villages to tend their surrounding 
fields, the domestication of sheep, goats and eventually cattle soon followed. 

The ensuing PPNB period, lasting from about 10,200 to 8,300 years ago, is 
one of established farming villages with both domesticated crops and 
animals. It is marked by dramatic changes in architecture, technology and the 
size of settlements, some now reaching populations of 2,000 or more. This is 
followed by the ‘Pottery Neolithic’ period, which is partly self-explanatory 
because pottery is invented, but it also marks a significant change to the 
farming economy with the probable appearance of transhumant herding of 
sheep and goats. Then, at 5,600 years ago, came the Bronze Age with the first 
urban communities. 

Here we need to make a switch from referring to dates as ‘years ago’ to 
years BC (Before Christ). Archaeologists who study the Palaeolithic period 
prefer to use ‘years ago’, but Neolithic and Bronze Age specialists prefer to 
use either BC or bee (Before the Common Era). The difference is about 2,000 
years and this level of approximation is suffcient for our needs in this 
book.17 So according to this dating scheme, the PPNA begins at 9500 BC 
rather than 11,500 years ago, the PPNB lasts between 8200 and 6300 BC, and 
the Bronze Age starts at 3600 BC. 

Was water management necessary for the origin of 
farming? 

With that awkward switch of dating terminology out of the way, we can 
return to our search for the origins of water management. Is there any 
evidence for this at Jericho or elsewhere within the PPNA? We might expect 
there to be some: crops need to be watered, whether they are still wild and 
being cultivated or whether they are domesticated and being farmed. It is not 
unreasonable to suppose that the earliest PPNA Neolithic farmers might have 
needed to excavate wells to access additional water sources, and to build 
aqueducts to transport water to their fields, irrigation channels to take water 
to their plants, and cisterns to store water in case of drought at critical times 
of germination and grain maturation. 

One can ‘suppose’, but there is a complete lack of evidence for water 


management of any type. While Kenyon found evidence for monumental 
architecture in the form of walls and towers and complex mortuary rituals 
involving the removal of skulls from internments, there was nothing to 
suggest an approach to water that differed from that adopted by the people of 
’Ain Mallaha at 14,500 years ago (12,500 BC) and Ohalo at 19,400 years ago 
- and even ‘Ubeidiya at one million years ago. 

Jericho also had a spring, ’Ain es-Sultan. This appears to have met all of 
the inhabitants’ needs, while crops were grown on alluvial soils which were 
well-watered by local streams.J_8 So either ‘location, location, location’ had 
once again alleviated the need for water management, or the absence of water 
management practices had constrained the whereabouts of the Jericho 
settlement, requiring it to be placed adjacent to a spring. 

One must, as always in archaeology, be cautious. By having to work at the 
bottom of deep, narrow trenches cutting through a massive overburden of 
collapsed Bronze and Iron Age mud-brick buildings, Kenyon was only able 
to expose 10 per cent or less of the PPNA settlement. The area remaining 
covered by the tell might have the evidence we are missing of wells, 
aqueducts and cisterns. 

It might, but I doubt it. Since Kenyon excavated at Jericho, numerous 
PPNA settlements have been excavated without providing any evidence of 
water management. Not far from Jericho, on the West Bank, the sites of 
Netiv Hagdud and Gilgal received extensive excavation during the 1970s and 
1980s. 19 Neither had a substantial overburden of later occupation debris and 
hence large areas of the settlements could be exposed, especially at Netiv 
Hagdud. Just like at Jericho, the PPNA inhabitants had relied on an 
unadulterated, natural water supply. Netiv Hagdud used water from the 
spring of ’Ain Duyuk and exploited wetlands of the nearby delta of the River 
Jordan as it emptied into the Dead Sea.20 


